Strategic Highway Research

SAVING LIVES
REDUCING CONGESTION
IMPROVING QUALITY OF LIFE

/. EXIT N ONLY

SPECIAL REPORT 260
Transportation Research Board
THE NATIONAL ACADEMIES




TRANSPORTATION RESEARCH BOARD

2001 EXECUTIVE COMMITTEE*

Chairman: John M. Samuels, Senior Vice President, Operations Planning and Support, Norfolk Southern Corporation,
Norfolk, Virginia

Vice Chairman: E. Dean Carlson, Secretary, Kansas Department of Transportation, Topeka

Executive Director: Robert E. Skinner, Jr., Transportation Research Board

William D. Ankner, Director, Rhode Island Department of Transportation, Providence

Thomas F. Barry, Jr., Secretary of Transportation, Florida Department of Transportation, Tallahassee

Jack E. Buffington, Associate Director and Research Professor, Mack-Blackwell National Rural Transportation
Study Center, University of Arkansas, Fayetteville

Sarah C. Campbell, President, TransManagement, Inc., Washington, D.C.

Joanne F. Casey, President, Intermodal Association of North America, Greenbelt, Maryland

James C. Codell I11, Secretary, Kentucky Transportation Cabinet, Frankfort

John L. Craig, Director, Nebraska Department of Roads, Lincoln

Robert A. Frosch, Senior Research Fellow, Belfer Center for Science and International Affairs, John F. Kennedy School of
Government, Harvard University, Cambridge, Massachusetts

Gorman Gilbert, Director, Oklahoma Transportation Center, Oklahoma State University, Stillwater

Genevieve Giuliano, Professor, School of Policy, Planning, and Development, University of Southern California, Los Angeles

Lester A. Hoel, L.A. Lacy Distinguished Professor, Department of Civil Engineering, University of Virginia, Charlottesville
(Past Chairman, 1986)

H. Thomas Kornegay, Executive Director, Port of Houston Authority, Houston, Texas

Bradley L. Mallory, Secretary of Transportation, Pennsylvania Department of Transportation, Harrisburg

Michael D. Meyer, Professor, School of Civil and Environmental Engineering, Georgia Institute of Technology, Atlanta

Jeff P. Morales, Director of Transportation, California Department of Transportation, Sacramento

Jeffrey R. Moreland, Executive Vice President—Law and Chief of Staff, Burlington Northern Santa Fe Railway,
Fort Worth, Texas

John P. Poorman, Staff Director, Capital District Transportation Committee, Albany, New York

Catherine L. Ross, Executive Director, Georgia Regional Transportation Agency, Atlanta

Wayne Shackelford, Senior Vice President, Gresham Smith & Partners, Alpharetta, Georgia (Past Chairman, 1999)

Paul P. Skoutelas, CEO, Port Authority of Allegheny County, Pittsburgh, Pennsylvania

Michael S. Townes, Executive Director, Transportation District Commission of Hampton Roads, Hampton, Virginia

Martin Wachs, Director, Institute of Transportation Studies, University of California, Berkeley (Past Chairman, 2000)

Michael W. Wickham, Chairman and CEO, Roadway Express, Inc., Akron, Ohio

James A. Wilding, President and CEO, Metropolitan Washington Airports Authority, Alexandria, Virginia

M. Gordon Wolman, Professor of Geography and Environmental Engineering, The Johns Hopkins University,
Baltimore, Maryland

Mike Acott, President, National Asphalt Pavement Association, Lanham, Maryland (ex officio)
Bruce J. Carlton, Acting Deputy Administrator, Maritime Administration, U.S. Department of Transportation (ex officio)
Joseph M. Clapp, Administrator, Federal Motor Carrier Safety Administration, U.S. Department of Transportation (ex officio)
Susan M. Coughlin, Director and Chief Operating Officer, The American Trucking Associations Foundation, Inc.,
Alexandria, Virginia (ex officio)
Jennifer L. Dorn, Administrator, Federal Transit Administration, U.S. Department of Transportation (ex officio)
Ellen G. Engleman, Administrator, Research and Special Programs Administration, U.S. Department of Transportation
(ex officio)
Robert B. Flowers (Lt. Gen., U.S. Army), Chief of Engineers and Commander, U.S. Army Corps of Engineers,
Washington, D.C. (ex officio)
Harold K. Forsen, Foreign Secretary, National Academy of Engineering, Washington, D.C. (ex officio)
Jane F. Garvey, Administrator, Federal Aviation Administration, U.S. Department of Transportation (ex officio)
Thomas J. Gross, Deputy Assistant Secretary, Office of Transportation Technologies, U.S. Department of Energy (ex officio)
Edward R. Hamberger, President and CEO, Association of American Railroads, Washington, D.C. (ex officio)
John C. Horsley, Executive Director, American Association of State Highway and Transportation Officials,
Washington, D.C. (ex officio)
Michael P. Jackson, Deputy Secretary, U.S. Department of Transportation (ex officio)
James M. Loy (Adm., U.S. Coast Guard), Commandant, U.S. Coast Guard, Washington, D.C. (ex officio)
William W. Millar, President, American Public Transportation Association, Washington, D.C. (ex officio)
(Past Chairman, 1992)
Margo T. Oge, Director, Office of Transportation and Air Quality, U.S. Environmental Protection Agency,
Washington, D.C. (ex officio)
Mary E. Peters, Administrator, Federal Highway Administration, U.S. Department of Transportation (ex officio)
Valentin J. Riva, President and CEO, American Concrete Pavement Association, Skokie, Illinois (ex officio)
Jeffrey W. Runge, Administrator, National Highway Traffic Safety Administration, U.S. Department of Transportation
(ex officio)
Jon Allan Rutter, Administrator, Federal Railroad Administration, U.S. Department of Transportation (ex officio)
Ashish K. Sen, Director, Bureau of Transportation Statistics, U.S. Department of Transportation (ex officio)
Robert A. Venezia, Earth Sciences Applications Specialist, National Aeronautics and Space Administration,
Washington, D.C. (ex officio)

* Membership as of November 2001.




SPECIAL REPORT 260

Strategic Highway Research

SAVING LIVES
REDUCING CONGESTION
IMPROVING QUALITY OF LIFE

Committee for a Study for a
Future Strategic Highway Research Program

TRANSPORTATION RESEARCH BOARD
National Research Council

National Academy Press
Washington, D.C.
2001



Transportation Research Board Special Report 260

Subscriber Categories

IA planning and administration
IB energy and environment

IT design

IIIB materials and construction
IV operations and safety

Transportation Research Board publications are available by ordering individual publica-
tions directly from the TRB Business Office, through the Internet at www.TRB.org or
national-academies.org/trb, or by annual subscription through organizational or individual
affiliation with TRB. Affiliates and library subscribers are eligible for substantial discounts.
For further information, contact the Transportation Research Board Business Office,
National Research Council, 2101 Constitution Avenue, NW, Washington, DC 20418
(telephone 202-334-3213; fax 202-334-2519; or e-mail TRBsales(@nas.edu).

Copyright 2001 by the National Academy of Sciences. All rights reserved.
Printed in the United States of America.

NOTICE: The project that is the subject of this report was approved by the Governing
Board of the National Research Council, whose members are drawn from the councils of the
National Academy of Sciences, the National Academy of Engineering, and the Institute of
Medicine. The members of the committee responsible for the report were chosen for their
special competencies and with regard for appropriate balance.

This report has been reviewed by a group other than the authors according to the proce-
dures approved by a Report Review Committee consisting of members of the National
Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine.

The study was sponsored by the Federal Highway Administration of the U.S. Department
of Transportation.

Library of Congress Cataloging-in-Publication Data

National Research Council (U.S.). Transportation Research Board. Committee for a Study
for a Future Strategic Highway Research Program.
Strategic highway research : saving lives, reducing congestion, improving quality of
life / Committee for a Study for a Future Strategic Highway Research Program.
p. cm. — (Special report ; 260)
Includes bibliographical references.
ISBN 0-309-07243-3
1. Traffic safety—United States. 2. Highway research—United States. 3. Traffic
congestion—United States. I. Title. II. Special report (National Research Council
(U.S.). Transportation Research Board) ; 260.

HE5614.2.N28 2001
388.3'140973—dc21 2001056350



THE NATIONAL ACADEMIES
rl_[. |\/— |\1—4!— Jr'[ll/\/ .
Advisers to the Nation on Science, Engineering, and Medicine
National Academy of Sciences
National Academy of Engineering

Institute of Medicine
National Research Council

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of
distinguished scholars engaged in scientific and engineering research, dedicated to the
furtherance of science and technology and to their use for the general welfare. Upon the
authority of the charter granted to it by the Congress in 1863, the Academy has a mandate
that requires it to advise the federal government on scientific and technical matters.

Dr. Bruce M. Alberts is president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a parallel organization of outstanding engineers. It is
autonomous in its administration and in the selection of its members, sharing with the
National Academy of Sciences the responsibility for advising the federal government. The
National Academy of Engineering also sponsors engineering programs aimed at meeting
national needs, encourages education and research, and recognizes the superior achievements
of engineers. Dr. William A. Wulfis president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences
to secure the services of eminent members of appropriate professions in the examination of
policy matters pertaining to the health of the public. The Institute acts under the responsi-
bility given to the National Academy of Sciences by its congressional charter to be an
adviser to the federal government and, upon its own initiative, to identify issues of medical
care, research, and education. Dr. Kenneth I. Shine is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in
1916 to associate the broad community of science and technology with the Academy’s
purposes of furthering knowledge and advising the federal government. Functioning in
accordance with general policies determined by the Academy, the Council has become the
principal operating agency of both the National Academy of Sciences and the National
Academy of Engineering in providing services to the government, the public, and the scien-
tific and engineering communities. The Council is administered jointly by both the Acade-
mies and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. William A. Wulf are
chairman and vice chairman, respectively, of the National Research Council.

The Transportation Research Board is a unit of the National Research Council, which
serves the National Academy of Sciences and the National Academy of Engineering. The
Board’s mission is to promote innovation and progress in transportation by stimulating and
conducting research, facilitating the dissemination of information, and encouraging the
implementation of research results. The Board’s varied activities annually engage more than
4,000 engineers, scientists, and other transportation researchers and practitioners from the
public and private sectors and academia, all of whom contribute their expertise in the public
interest. The program is supported by state transportation departments, federal agencies
including the component administrations of the U.S. Department of Transportation, and
other organizations and individuals interested in the development of transportation.



Committee for a Study for a
Future Strategic Highway Research Program

C. Michael Walton, Chair, Professor of Civil Engineering, The University of Texas at Austin

Bradley L. Mallory, Vice Chair, Secretary, Pennsylvania Department of Transportation,
Harrisburg

Joel D. Anderson, Executive Vice President, California Trucking Association,
West Sacramento

E. Dean Carlson, Secretary, Kansas Department of Transportation, Topeka

Frank L. Danchetz, Chief Engineer, Georgia Department of Transportation, Atlanta

Henry E. Dittmar, President and Chief Executive Officer, Great American Station
Foundation, Las Vegas, New Mexico

Francis B. Francois, Consultant, former Executive Director, American Association of
State Highway and Transportation Officials, Bowie, Maryland

David R. Gehr, Director of Strategic Planning, Parsons Brinckerhoff, Inc., Herndon,
Virginia

Susan Martinovich, Assistant Director/Chief Engineer, Nevada Department of
Transportation, Carson City

Herbert H. Richardson, Director, Texas Transportation Institute; Associate Vice Chancellor
for Engineering, Texas A&M University System; Professor Emeritus of Mechanical
Engineering, Massachusetts Institute of Technology; College Station, Texas

Henry G. Schwartz, Jr., Chairman, Sverdrup Civil, Inc., Maryland Heights, Missouri

Thomas R. Warne, President, Tom Warne and Associates, South Jordan, Utah

David K. Willis, President and Chief Executive Officer, AAA Foundation for Traftic Safety,
Washington, D.C.

Liaison Representatives

John Horsley, Executive Director, American Association of State Highway and
Transportation Officials

David L. Huft, Program Manager—Research, South Dakota Department of Transportation;
Chair, American Association of State Highway and Transportation Officials Research
Advisory Committee

Dennis C. Judycki, Deputy Executive Director, Federal Highway Administration

Anthony R. Kane, Director of Engineering and Technical Services, American Association of
State Highway and Transportation Officials

Transportation Research Board Staff
Ann M. Brach, Study Director



Preface

In June 1998, the United States Congress passed the Transportation Equity
Act for the 21st Century (TEA-21). This bill, which reauthorized the federal-
aid highway program, called for the Transportation Research Board (TRB)
“to conduct a study to determine the goals, purposes, research agenda and
projects, administrative structure, and fiscal needs for a new strategic high-
way research program to replace the program established under [the section
of the United States Code establishing the first Strategic Highway Research
Program] or a similar effort.”! The committee interpreted this charge to
imply that the new program was to follow a model for the conduct of high-
way research that was initiated with the first Strategic Highway Research
Program (SHRP), authorized by Congtress in 1987. This model can be char-
acterized as a focused, time-constrained, management-driven program
designed to complement existing highway research programs.?

To carry out this congressional request, TRB established a committee of
leaders from the highway community, chaired by C. Michael Walton of The
University of Texas at Austin, with Bradley L. Mallory of the Pennsylvania
Department of Transportation as vice chair. The primary task of the Commit-
tee for a Study for a Future Strategic Highway Research Program (F-SHRP)
was to propose a research program aimed at strategic highway needs; there-
fore, the committee members were chosen for their demonstrated ability to
provide strategic leadership in public agencies, private-sector firms, academia,
and user and stakeholder associations within the highway community. Brief
biographies of the committee members are given at the end of this report (see
Study Committee Biographical Information). The committee also benefited

! Transportation Equity Act for the 21st Century, Public Law 105-178, Section 5112, “Study of a
Future Strategic Highway Research Program.”

2 It can be argued, with good reason, that the American Association of State Highway Officials
Road Test, conducted in the late 1950s, also possessed many of these characteristics.

vii
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from the contributions of liaisons from the American Association of State
Highway and Transportation Officials (AASHTO) and the Federal Highway
Administration (FHWA), who coordinated the committee’s work with their
organizations and facilitated outreach to their members throughout the study.

This study was carried out in close cooperation with the National
Research Council’s (NRC) Research and Technology Coordinating Com-
mittee (RTCC), which performs a continuing review of FHWA'’s research
and technology programs. RTCC'’s report The Federal Role in Highway
Research and Technology (TRB 2001) provides a helpful context for the pre-
sent study, including an overview of the highway industry, highway
research and technology programs, and national priorities for highway
research. In addition to the RTCC members who were also members of the
F-SHRP committee, the following individuals served on RTCC during the
development of this report: Allan L. Abbott, Director of Public Works and
Utilities, City of Lincoln, Nebraska; Dwight M. Bower, Director, Idaho
Transportation Department; Richard P. Braun, Minnesota Guidestar; John
E. Breen, Nasser I. Al-Rashid Chair in Civil Engineering, The University
of Texas; Forrest M. Council, Highway Safety Research Center, University
of North Carolina; Reid Ewing, Research Director, Surface Transportation
Policy Project; Irwin Feller, Director and Professor of Economics, Institute
for Policy Research and Evaluation, Pennsylvania State University; Larry R.
Goode, Director of Transportation Planning, Policy and Finance, Institute
of Transportation Research and Education, North Carolina State Univer-
sity; Jack Kay, Transportation Advisor, Science Applications International
Corporation; Leon Kenison, Commissioner, New Hampshire Department
of Transportation; Joe P. Mahoney, Professor of Civil Engineering, Univer-
sity of Washington; Karen M. Miller, Commissioner, District | Commission
for Boone County, Missouri; James E. Roberts, Chief Deputy Director, Cal-
ifornia Department of Transportation; Sandra Rosenbloom, Director, The
Drachman Institute for Land and Regional Development, University of Ari-
zona; Michael M. Ryan, Deputy Secretary for Highway Administration,
Pennsylvania Department of Transportation; David Spivey, Executive Vice
President, Asphalt Paving Association of Washington, Inc.; and Dale F.
Stein, President Emeritus, Michigan Technological University.

The study was conducted under the overall supervision of Stephen R.
Godwin, Director of TRB’s Studies and Information Services Division. Ann
M. Brach served as study director and wrote the report under the direction of
the committee.
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This report has been reviewed in draft form by individuals chosen for
their diverse perspectives and technical expertise, in accordance with pro-
cedures approved by NRC’s Report Review Committee. The purpose of
this independent review is to provide candid and critical comments that
will assist the institution in making its published report as sound as possible
and to ensure that the report meets institutional standards for objectivity,
evidence, and responsiveness to the study charge. The review comments
and draft manuscript remain confidential to protect the integrity of the
deliberative process.

Appreciation is expressed to the following individuals for their review of
this report: Richard E. Balzhiser, Electric Power Research Institute, Inc.,
Palo Alto, California; Randall Erikson, North Oaks, Minnesota; Robert A.
Frosch, Harvard University, Cambridge, Massachusetts; Thomas D. Larson,
Lemont, Pennsylvania; Michael D. Meyer, Georgia Institute of Technology,
Atlanta; Alison Smiley, Human Factors North, Inc., Toronto, Canada; and
James W. van Loben Sels, Parsons Brinckerhoff, Columbia, South Carolina.
Although these reviewers provided many constructive comments and sug-
gestions, they were not asked to endorse the report’s findings and conclu-
sions, nor did they see the final draft before its release.

The review of this report was overseen by Alexander H. Flax, Potomac,
Maryland, and Lester A. Hoel, University of Virginia, Charlottesville.
Appointed by NRC, they were responsible for making certain that an inde-
pendent examination of this report was carried out in accordance with insti-
tutional procedures and that all review comments were carefully considered.
Responsibility for the final content of this report rests entirely with the
authoring committee and the institution.

Suzanne Schneider, Assistant Executive Director of TRB, managed the
report review process. The report was edited and prepared for publication
under the supervision of Nancy Ackerman, Director of Reports and Editorial
Services. Rona Briere edited the report with support from Kristin Motley.
Alisa Decatur prepared the manuscript. John McCracken, Joy Kelly, and
Sally Hoffmaster of FHWA provided photographs for the cover. Special
thanks go to Marion Johnson, Frances E. Holland, and Jocelyn Sands for
assistance with meeting arrangements, communications with committee
members, and administrative matters.

The proposed research in this report reflects the insights and cooperation
of hundreds of people who responded to the committee’s requests for infor-
mation and input. Appendix A describes the outreach process used and lists
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many of the participants. Special thanks are due to AASHTO technical com-
mittees and staff, FHWA staft, TRB committees and staff, the working
groups of the National Research and Technology Partnership Forum, and
many academicians and private consultants who generously contributed
their time and expertise. Their willingness to support this effort is a testi-
mony to the importance of research and technology in transportation and
the best predictor of the success of the proposed program.
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Executive Summary

Tens of thousands of lives lost and millions of injuries each year on America’s
highways; deteriorating bridges and pavements; hours of congestion and
delay due to highway construction work zones, crashes, and other incidents;
insufficient capacity to meet the needs of a growing population and expand-
ing economy—these critical highway transportation problems demand solu-
tions as we enter the third millennium. In this report a Future Strategic
Highway Research Program (F-SHRP) aimed at addressing these problems
is outlined.

Purpose

The highway network is the backbone of America’s transportation system,
making it possible to meet the mobility and economic needs of communities,
regions, and the nation as a whole. Americans use the highway system to
make more than 90 percent of passenger trips and move 69 percent of total
freight value; highways also accommodate buses, bicycles, and pedestrians.
In addition, highways provide vital links among all modes of transportation;
thus the influence of their physical and operational condition extends well
beyond the impacts experienced directly by highway users.

The problems outlined above are therefore pervasive, with wide-ranging
impacts on the nation’s economy and quality of life. The first Strategic High-
way Research Program (SHRP), conducted in the late 1980s and early 1990s,
focused on a few critical infrastructure and operations problems faced by state
transportation agencies. Given the success of SHRP and the pressing need to
find solutions for the problems challenging the highway system today, the
Congress requested in 1998 that the Transportation Research Board (TRB)
“conduct a study to determine the goals, purposes, research agenda and pro-
jects, administrative structure, and fiscal needs for a new strategic highway
research program.” Accordingly, TRB formed a committee of leaders from the

1
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public, private, and academic sectors of the highway community to carry out
the study that resulted in this report.

Strategic highway problems and promising avenues of research and tech-
nology for addressing these problems are identified in this report. Rather
than detailed research plans, an overall direction for those who may be charged
with developing such plans is provided. As discussed below, the committee
recommends that an interim planning stage take place between the publica-
tion of this report and the commencement of the research program. In the
event that such an interim effort cannot be carried out, it will need to be the
first step taken once the research has been funded. This report is intended to
keep such a planning effort focused on the identified strategic needs, without
unduly constraining researchers and research managers in exploring and
developing the most promising research tasks and technologies.

Approach

The F-SHRP committee began its work by articulating an overarching
theme to guide the study. This theme is grounded in the fact that everyone is
a customer of the highway system in some way. Customers expect high lev-
els of service throughout the economy, and highway transportation is no
exception. With this in mind, the committee identified as the theme of the
study providing outstanding customer service for the 21st century.

In accordance with the congressional request, the study approach adhered
to the SHRP model of a special-purpose, time-constrained research program
in which a concentration of resources is used to accelerate progress toward a
few high-priority objectives. The committee also decided that its approach
to the study should have three characteristics: it should address highway
needs from a systems perspective; it should be open to research in nontradi-
tional highway-related areas; and it should explicitly acknowledge the inter-
dependence of highway research and technology programs.

In keeping with the overarching theme of providing outstanding customer
service for the 21st century, the committee decided to conduct an extensive
outreach process to identify highway needs and research opportunities.
Stakeholders representing user groups, the private sector, various interest
groups, and universities, as well as federal and local agencies and all state
departments of transportation, received letters soliciting their input. Scores
of presentations, briefings, and focus group sessions also took place. An
interactive website was developed as well to allow for electronic input and
provide periodic updates on the progress of the study.
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The outreach process identified hundreds of highway needs and research
opportunities. From this vast array of possibilities, the committee had to
select a limited number of focus areas for the F-SHRP research, as well as
specific topics on which to concentrate the work in each area. In thus defin-
ing the scope of the program, the committee was mindful of the pitfalls of
trying to do too much and thereby compromising what could be accom-
plished. Therefore, through a multistage, iterative process, the committee
selected a small number of topics that met the following criteria for inclusion
in a new, focused, independent research program:

* Significance of the issue—Each topic addresses a national transportation
need and represents a critical issue faced by most, if not all, departments of
transportation.

* Appropriateness for a SHRP-style research program—Each topic requires a
concentration of dedicated resources, at a large scale, over several years to
accelerate progress toward implementable goals in a relatively short time
frame. Each also requires an integrated approach involving coordination
among many disciplines and numerous stakeholders.

* Effectiveness and expected impact of research—For each topic, research
and technology hold promise for delivering results that will have a signif-
icant impact on highway system performance in ways that matter to cus-
tomers. These results include increased safety; reduced delay; more
effective and quicker highway renewal, yielding longer-lasting, higher-
quality facilities; and enhancement of the economy, the environment, and
communities.

F-SHRP Strategic Focus Areas and Research Programs

Through the iterative process described above, the committee concluded
that F-SHRP should comprise research programs addressing the four strate-
gic focus areas described below.

Renewal: Accelerating the Renewal of America’s Highways

Overall research program goal: To develop a consistent, systematic approach to
performing highway renewal that is rapid, causes minimum disruption, and
produces long-lived facilities.



4 Strategic Highway Research: Saving Lives, Reducing Congestion, Improving Quality of Life

Challenges and Opportunities in Highway Transportation

In meeting customer expectations, the transportation community faces
both challenges and opportunities that require new ways of thinking
about moving people and goods. The challenges represent a broadening
set of performance demands on the highway system, including technical,
environmental, economic, safety, social, and political requirements. Popu-
lation growth, economic expansion, and changing demographics (the
aging population, the baby “boomlet,” immigration) characterize the cus-
tomer base well into the future and necessitate new approaches to the
planning, design, and operation of the highway system. Transportation
professionals must respond to the new economy (which is global, rapidly
changing, and customer-focused), the desire for greater environmental
sustainability, a demand for ever-improving quality of life, the public’s
expectations for greater involvement in transportation decision making,
and the need for technologies and expertise not traditionally associated
with highway engineering. Demand for passenger travel and goods
movement is expected to increase significantly during the next two
decades, even as Americans continue to place a high value on the privacy
and flexibility of personal automobile travel. Strict reliability require-
ments for freight movement, enabled by information and communication
technologies, must be met by an increasingly congested highway system.
Yet the capacity of the system is not likely to expand as rapidly as
demand, so more efficient operation of existing capacity is paramount. At
the same time, selected capacity improvements will continue and must be
planned, designed, and built to meet customer expectations.

Research and technology advances offer opportunities to address these
challenges. For example, human factors research and new data collection
technologies can help in better understanding and addressing factors
associated with highway safety. Sensors, high-performance materials, and
new approaches to construction and contracting can contribute to the
renewal of highway infrastructure that supports mobility and the econ-
omy. Communication and traffic control technologies can help in operat-
ing the existing system more efficiently and more safely. Better economic
and environmental models and improved planning and design
approaches can make it possible to provide new infrastructure that
enhances the economy, safety, and the human and natural environments.
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Background: After decades of constant use, often exceeding facilities’ origi-
nal design life, much of the highway system is in need of extensive renewal.
Because of the indispensable role of these facilities, however, renewal work,
in contrast to the construction of new highways, must be performed while
the facilities remain in service, introducing significant safety, mobility, and
economic concerns. The public demands that this work be done quickly,
with as little social and economic disruption as possible, and in such a way as
to reduce future interventions to a minimum. The safety, economic, financial,
management, environmental, aesthetic, and technological challenges of fac-
ing this situation on an individual project are formidable enough. Meeting
these challenges on a nationwide scale will require the development of an
entirely new way of approaching highway renewal.

Description: Under F-SHRP, a systematic method of analyzing renewal
needs and evaluating alternative strategies and technologies will be produced,
and the tools highway agencies need to implement a new model of highway
renewal will be developed. Research may be performed in such areas as con-
struction methods, materials, and equipment; innovative management and
contracting techniques; work zone safety and traffic analysis and techniques;
performance measures; and advanced information technologies.

Potential impact:' The results of this research would translate into user sav-
ings in several ways: smoother pavements would lead to reduced vehicle
wear and tear and fuel usage; faster rehabilitation would mean less restriction
of access to commercial and residential areas; and rapid, less-disruptive
renewal techniques would reduce delay due to work zones. The reduced
delay would be achieved not only during renewal activities, as a consequence
of better management of work zones, but also over the life of facilities
through the use of long-lived materials and methods. In a study of 68 urban
areas, the cost of delay to highway users was estimated at about $78 billion
in 1999. About 54 percent of this delay was due to nonrecurring incidents,
such as construction work, disabled vehicles, and crashes. If implementation
of the results of this proposed research, together with the results of the travel

! The estimates of potential impact used in this executive summary and throughout the report are
intended to serve as quantitative economic indicators of the extent of the problems addressed by
the proposed research and, correspondingly, the magnitude of potential benefits associated with
even small improvements resulting from the research. The estimates are not intended to imply that
these are the only or the most important potential benefits of the research, nor are they a claim that
a particular order of benefit will be achieved. More precise estimates of the specific types and mag-
nitude of benefits to be derived from applying the results of the proposed research can be derived
once specific implementable products of the research have been identified.
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time reliability research described below, reduced such incident-related
delay in these urban areas by just 5 percent, the result would be annual sav-
ings of about $2.1 billion.

Safety: Making a Significant Improvement in Highway Safety

Overall research program goal: To prevent or reduce the severity of highway
crashes through more accurate knowledge of crash factors and of the cost-
effectiveness of selected countermeasures in addressing these factors.

Background: While providing indispensable service, highway travel also
exacts a high cost in terms of fatalities, injuries, and property damage.
Tremendous progress has been made in highway safety during the last sev-
eral decades, but increases in vehicle-miles traveled threaten to drive up the
absolute numbers of fatalities and injuries even as fatality and injury rates fall.
Current safety practices and incremental improvements, as important as they
are, are not sufficient to break through the safety impasse. To make a signifi-
cant improvement in highway safety, it is necessary first to develop a much
more fundamental understanding of the factors contributing to crashes and
the cost-effectiveness of crash countermeasures. A number of advanced tech-
nologies make it possible to gather new and more accurate data from which
this understanding can be gained.

Description: Under F-SHRP, a combination of traditional crash analysis
methods and advanced data collection technologies will be used to under-
stand the importance of various factors in highway crashes and to assess the
cost-effectiveness of existing crash countermeasures.

Potential impact: Application of more fundamental knowledge of crash fac-
tors and the effectiveness of countermeasures could lead to sizable reductions
in deaths and injuries, making it possible to outstrip the anticipated growth
in vehicle-miles traveled. Every 1 percent improvement in highway safety
resulting from application of the results of this research would mean more
than 400 lives saved, 30,000 injuries averted, and $1.8 billion in economic
costs avoided annually.

Reliability: Providing a Highway System with Reliable Travel Times

Overall research program goal: To provide highway users with reliable travel
times by preventing and reducing the impact of nonrecurring incidents.
Background: As noted above, dependence on the highway system to help
Americans achieve a wide variety of business, personal, and professional goals
has led to a significant increase in vehicle-miles traveled, while capacity
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increases have remained quite small. The result has been increased congestion
and delay. Moreover, such a heavily used highway system is more susceptible
to unforeseen variations in travel time due to nonrecurring incidents such as
crashes, disabled vehicles, construction work zones, hazardous materials
spills, and special events. At the same time, users have become more sensitive
to such unforeseen variations in travel time, making highway system reliabil-
ity a paramount customer need.

Description: Under F-SHRP, strategies and tactics for reducing the impacts
of particular types of nonrecurring incidents will be developed. This will be
accomplished by studying the likelihood of occurrence of such incidents, the
impacts on users, and associated customer expectations, and by applying the
many tools and technologies available for managing and responding to
highway incidents.

Potential impact: More reliable travel times would mean reductions in un-
expected delay, which would in turn translate into significant user savings.
As noted above, if implementation of the results of this research in combina-
tion with those of the proposed renewal research reduced incident-related
delay in 68 urban areas by just 5 percent, the result would be annual savings
of about $2.1 billion.

Capacity: Providing Highway Capacity in Support of the Nation’s
Economic, Environmental, and Social Goals

Overall research program goal: To develop approaches and tools for systemati-
cally integrating environmental, economic, and community requirements
into the analysis, planning, and design of new highway capacity.
Background: The existing highway system is straining to handle the current
demand in many locations. Given the anticipated growth in vehicle-miles
traveled, selected additions to highway capacity are warranted. During the
decades spent building and operating the Interstate highway system, much
was learned about the complex set of relationships between highways and
the economy, communities, and the environment, and much remains to be
learned. Any effort to provide new highway capacity must incorporate
explicit consideration of these relationships from the earliest planning and
design stages so the highway system will simultaneously contribute to
national goals in the areas of safety, mobility, productivity, and environment.
Description: Under F-SHRP, an integrated, systems-oriented approach to
highway development will be formulated that encompasses engineering,
economic, environmental, social, and aesthetic considerations and uses
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appropriate tools and technologies to integrate these considerations in a sys-
tematic way throughout the highway development process.

Potential impact: The principal impact of this research is expected to be the
provision of new capacity where it is needed, along with all the economic
and quality-of-life benefits associated with that capacity, in a way that
responds to the full range of customer requirements: highways that are aes-
thetically pleasing, enhance historical and community values, and con-
tribute to a healthier economy and environment. These types of benefits are
difficult to quantify. However, one set of estimates for selected environmental
impacts—the costs of road dust, highway runoft, and road noise—indicates
that a 5 percent reduction in these costs due to more environmentally sensitive
designs would translate to savings of approximately $180 million per year.

Recommendations

Research Program

Recommendation 1: A Future Strategic Highway Research Program
should be established.

Given the significant needs and problem areas identified through the out-
reach process conducted for this study, the opportunities to address these
needs through research and technology, and the limited ability of existing
programs to exploit these opportunities, the F-SHRP committee concludes
that a large-scale, special-purpose, time-constrained research program, mod-
eled after the first SHRP, is justified if the highway system is to meet its cus-
tomers’ demands over the next several decades. The research conducted
under F-SHRP should be focused in the four areas described above.

Administration and Funding

Recommendation 2: The administrative structure of F-SHRP
should meet the following criteria: (a) it should possess essential
quality control mechanisms (including open solicitation and merit-
based selection of research proposals, appropriate review proce-
dures during the conduct of research, and mechanisms for
redirecting research as needed on the basis of results); (b) it should
have the characteristics required to carry out a large contract
research program (including appropriate management, administra-



Executive Summary 9

tive, and contract support capabilities and the ability to attract and
retain talented staff and other resources); (c) it should have focused
core staff and secure funding over the program’s time frame
(including a reasonably predictable budget that can be managed on
a multiyear, program basis, not subject to annual programming
decisions or competition with other research priorities); and (d) it
should have the flexibility to institute stakeholder governance
mechanisms at both the executive, overall program level and the
technical, component program level.

The choice of administrative structure should be made during the interim
work stage (see Recommendation 5). The details of the mechanisms to be
used to meet the above four criteria should be developed during the interim
stage as well. The organizational design should address the fundamental
aspects of the F-SHRP philosophy: it should support a customer orienta-
tion, a systems approach to research, the incorporation of nontraditional
research, and coordination with existing highway (and other appropriate)
research and technology programs. The committee notes that the National
Research Council meets these criteria and successfully administered the
first SHRP.

Recommendation 3: The same funding mechanism used for SHRP
is recommended for F-SHRP: a takedown of 0.25 percent of the
federal-aid highway funds apportioned under the next surface
transportation authorizing legislation.

On the basis of the federal-aid highway funding levels of the Transporta-
tion Equity Act for the 21st Century and an assumed reauthorization period
of 6 years, this recommended funding mechanism can be expected to pro-
duce approximately $450 million to $500 million. Given the relative scope
and complexity of the required activities, the distribution of funding among
the four research areas should be approximately 25 percent for the infra-
structure renewal research; 40 percent for the safety research; 20 percent for
the travel time reliability research; and 15 percent for the research on tools
for providing new capacity in an environmentally, economically, and
socially responsive manner. During the interim planning stage, detailed cost
estimates should be developed and the total funding requirement, distribu-
tion, and percentage takedown modified as necessary.
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Implementation

Recommendation 4: F-SHRP should address the need for imple-
mentation of program results from the initial planning stages
throughout the management and conduct of the program.

Recommendation 4a4: A determination should be made as early
as possible regarding where the long-term responsibility for
coordination and facilitation of implementation will lie.

Recommendation 4b: A portion of the research funding should
be devoted to implementation-related activities appropriate to
the research stage; additional funding for full-scale implementa-
tion activities will be required once the research program has
been completed.

Interim Work

Recommendation 5: A strategic direction for F-SHRP is provided
in this report; additional detailed planning is necessary before the
research can be carried out. The American Association of State
Highway and Transportation Officials and the Federal Highway
Administration should consider funding and overseeing the devel-
opment of detailed research work plans during the period imme-
diately preceding initiation of the research program proper (which
is assumed to take place at the beginning of the next surface trans-
portation authorization period).

This interim work should include extensive outreach, a broad range of
technical expertise appropr